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This letter describes the relationship between electron mobility and Si-hydrogen bonding
configurations in poly-Si thin films after plasma-hydrogenation treatment. A 50-nm-thick
amorphous-Si film was crystallized by excimer laser irradiation followed by plasma hydrogenation.
Measurements of the Hall effect and Raman scattering demonstrated that mobility increased under
the Si-H dominant state and decreased under the Si-H2 dominant state, which were respectively
caused by adjusted and excessive hydrogenation times. Mobility degradation was recovered by
dissociation of excess H atoms by annealing. The origin of the correlation is discussed in terms of




























































This letter presents the relationship between Si-hydro
bonding configurations and carrier mobility of poly
crystalline-Si~poly-Si! thin films prepared by laser crystall
zation. Poly-Si is used in thin film transistors~TFTs! in liq-
uid crystal display panels owing to its large mobility com
pared to that of amorphous Si~a-Si!. Poly-Si films on large-
area glass substrates are now prepared by excimer
irradiation ona-Si film.1 Improvement of TFT characteristic
such as mobility, leakage current, and subthreshold slope
been achieved by the plasma hydrogenation.2,3
The Si-hydrogen bonding configuration has been a
lyzed for Si films prepared by plasma-enhanced chemi
vapor deposition~PECVD!4–6 and bulk Si surfaces expose
to CF4 /H2 reactive ion etching
7 or hydrogen remote plasma8
Infrared absorption and Raman scattering have been use
observe local vibration modes of Si-hydrogen bonds. Bo
ing stretch modes were assigned atv152000 cm
21 for
Si-H, at v252090 cm
21 for Si-H2 or (Si-H2)n , and at
v352140 cm
21 for Si-H3 . For device-qualitya-Si:H, it
was demonstrated that H atoms were predominantly bon
as monohydride~Si-H!. In the crystalline phase, higher hy
drides were predominant, and most likely resided at the g
boundaries.6 For the Si surface exposed to CF4 /H2 reactive
ions, it has been shown that the penetrated hydrogen a
are bonded to the Si lattice and give rise to the Si-H a
Si-H2 vibration modes.
7 In the case of remote hydrogen ato
treated Si single crystals, the peak at about 2100 cm21 was
assigned to Si-H stretching in platelets, where the peak
quency varied with compression in the platelets.8
For poly-Si TFTs, it has been mentioned that hydrog
atoms passivate dangling bonds at imperfections and el
nate continuously distributing trap states in the band ga2,3
However, the configurations of Si-hydrogen bonds and
effects of each configuration on electronic properties h
not been examined in detail. Furthermore, laser crystall
tion generates dangling bonds at both grain boundaries
residual in-grain defects, and the adsorption of H atoms
a!Present address: Dept. of Electronic and Control Syst. Eng., Shimane
versity, Matsue, Shimane 690-8504, Japan.2430003-6951/98/72(19)/2436/3/$15.00



















both is expected to affect the transport properties of poly
films.
In this letter, we present the relationship between
mobility of laser crystallized poly-Si thin films and S
hydrogen bonding configuration after the plasma hydroge
tion. The most possible multihydride, Si-H2 , is dealt with
here. First, the variation of mobility with hydrogenation tim
is examined. Second, the Si-hydrogen bonding configu
tions are analyzed by Raman scattering. Our study sh
that mobility is improved by formation of Si-H and degrade
under Si-H2 rich state. Finally, the role of Si-H2 in degrading
mobility and location of imperfections terminated as in t
Si-H2 configuration are discussed.
An undoped 50-nm-thicka-Si film was deposited on a
SiO2 film on a fused quartz substrate using PECVD. T
wafer was heated to degas the hydrogen, followed by i
diation with a XeCl excimer laser at room temperatu
Phosphorous ions were doped with a dose of
31013 cm22 to generate carriers for the measurement
Hall effect. The wafer was cut into pieces for annealing a
hydrogenation under different conditions.
Two kinds of annealing were done. ‘‘Preannealing’’ w
conducted between the ion doping and the hydrogena
procedures. Many samples were annealed at 600 °C
2 min in a N2 atmosphere to activate phosphorous dono
The rest samples were preannealed at 1000 °C for 3 to
min in order to examine the effects of the elimination
in-grain defects. ‘‘Postannealing’’ was done after the hyd
genation in order to examine the effect of H atom dissoc
tion. Some of the samples were postannealed at 300–55
in N2 for 10 min. Hydrogenation was performed in th
PECVD reactor at 350 °C for several different times with
radio frequency power of 30 W under the H2 pressure of
300 mTorr.
Instead of field-effect mobility,mFE, of TFTs which is
usually used to characterize poly-Si thin films, mobility o
tained by Hall effect measurement,m0 , is employed here.
The advantage of the Hall effect is the simplicity of samp
preparation and avoidance of any effects of device fabr
tion. The van der Pauw technique was used to measure
ni-6 © 1998 American Institute of Physics




























































2437Appl. Phys. Lett., Vol. 72, No. 19, 11 May 1998 Kitahara et al.Hall effect data reported here. It should be noted that
absolute values of mobility,m0 , shown here were not nec
essarily determined with the same mechanism asmFE. The
spectra of Raman scattering were taken in the backscatte
geometry using a 514.5 nm Ar-ion laser for excitation. T
intensity of the Raman spectra was represented by p
heights instead of peak area because individual peaks
not clearly resolved enough to fit calculated curve to
spectra.
For poly-Si films preannealed at 600 °C for 2 min
activate donors, the relationship between electron mob
and hydrogenation time is illustrated in Fig. 1~a!. Before
hydrogenation, mobility was as small as 1.3 cm2/V s. After
1 min of hydrogenation, mobility increased to 20 cm2/V s.
The carrier density measured simultaneously increased f
1.231017 cm23 to 1.631018 cm23. However, extending
the hydrogenation time from 1 min to 3 and 10 min gradua
decreased mobility while the carrier density remained ne
constant. This indicates that the excess hydrogenation re
in degraded mobility.
The degraded mobility was successfully recovered
the postannealing at an optimum temperature of 450 °C
5 min. Mobility after postannealing is also illustrated
Fig. 1~a!. Mobility recovery occurred for the samples hydr
genated for both 3 and 10 min. In contrast, the mobility
the sample hydrogenated for 1 min was degraded by pos
nealing. The reason for this will be discussed later. The
timum postannealing temperature of 450 °C was determi
by using Fig. 2 where the mobility is plotted as a function
FIG. 1. Dependence of electron mobility on plasma-hydrogenation ti
Preannealing was carried out at~ ! 600 °C for 2 min to activate phosphorou
donors or~b! 1000 °C for 10 min to eliminate in-grain defects before t
hydrogenation. Mobilities before 450 °C postannealing are indicated
solid lines and those after postannealing are dotted lines.
FIG. 2. Variation of mobility after 10 min of hydrogenation with the pos
annealing temperature, where preannealing was done at 600 °C for 2
Mobility degraded by the excessive hydrogenation was recovered with
creased temperature and reached a maximum recovery rate at 450 °C
















the postannealing temperature. Mobility increases with
creasing postannealing temperatures and reaches a max
of 19 cm2/V s at 450 °C. Then at 500 °C, the mobility be
gins to decrease and, at 550 °C, reaches a value as sm
that before hydrogenation.
The configurations of Si-hydrogen bonding were an
lyzed by Raman scattering. Figure 3~a! shows the Raman
spectra of poly-Si hydrogenated for 1 and 10 min before a
after the 450 °C postannealing. The vibration modes of
Si-hydrogen bonds were detected only after hydrogenat
In the case of the optimum hydrogenation time of 1 min, t
v1 band is dominant, where thev2 band is buried in the tail
of the v1 band. The peak heights of thev1 band,I v 1 , and
the v2 band,I v 2 , indicated below are normalized withI v 1
of this spectrum. Post annealing at 450 °C reducedI v 1 from
1.0 to 0.55, indicating the partial dissociation of Si-H. T
excess hydrogenation of 10 min resulted in an increase
I v 1 to 1.5 and ofI v 2 to 2.9. Hence, thev2 band was domi-
nant in this spectrum. The postannealing at 450 °C redu
I v 1 from 1.5 to 1.1 and, more significantly, reducedI v 2
from 2.9 to 0.81. Consequently, thev1 band regained its
dominance.
On the basis of Figs. 1~a!, 2, and 3~a!, the variations of
mobility with the conditions of hydrogenation and posta
nealing are related to the Si-hydrogen bonding configurati
as follows.~1! In the case of the adjusted hydrogenation tim
of 1 min, hydrogen atoms terminate and electronically in
tivate dangling bonds with the configuration of Si-H resu
ing in mobility improvement. The decrease of mobility aft
the 450 °C postannealing is due to the dissociation of H
oms from Si-H.~2! In the case of excessive hydrogenati
time of 10 min,v2 band is dominant in the Raman spectru
and the mobility was degraded. Thev2 band is assigned no
to Si-H as in single crystal8 but to Si-H2 because H atoms in
poly-Si are bound not to platelets but to dangling bonds
defects. The recovery of mobility with adequate postanne
ing is attributed to the elimination of Si-H2 , which is caused
by the dissociation of H atoms from Si-H2 prior to that from
Si-H. The activation energy of Si-H2 dissociation is known
to be less than that of Si-H; the activation energy is 3.19
for Si-H2 and 3.67 eV for Si-H.
9
The relationship between mobility and bonding config





FIG. 3. Variation of Raman scattering spectra with hydrogenation dura
and 450 °C postannealing. Preannealing was done at~a! 600 °C for 2 min
and~b! 1000 °C for 10 min. Bandv1 arises from the bonding stretch mod




































2438 Appl. Phys. Lett., Vol. 72, No. 19, 11 May 1998 Kitahara et al.samples. It was expected that the grain size would be
changed and the in-grain defects decreased by rising the
annealing temperature from 600 to 1000 °C. In fact, ima
of plan-view transmission electron microscopy of t
samples preannealed at 1000 °C for 10 min and at 600 °C
2 min indicated that the amount of in-grain defects was
parently reduced by rising the preannealing tempera
while the grain size of 80 nm was unchanged.
As shown in Fig. 1~b!, mobility was significantly in-
creased by 1 min hydrogenation and was gradually degra
by excess hydrogenation as well as 600 °C preannealing.
mobility degradation for 10 min hydrogenation was reco
ered by 450 °C postannealing. Raman spectra of the sam
preannealed at 1000 °C for 10 min are shown in Fig. 3~b!. In
the case of the 1 min hydrogenation, Si-H is dominant
well as the case of 600 °C preannealing, shown in Fig. 3~a!.
By extending the hydrogenation time to 10 min, intensity
the v2 band corresponding to Si-H2 bonds increased. Disso
ciation of Si-H2 bonds with 450 °C postannealing was al
observed. Thus, the correlation between mobility and c
figurations of Si-hydrogen observed for 600 °C preannea
sample was obtained for 1000 °C preannealed sample
well as 600 °C preannealed samples.
On the other hand, obvious difference was found in R
man spectra for 10 min hydrogenation, whereI v 2 is 1.0 and
is apparently weaker than that of the 600 °C annealing,
Intensity I v 1 and I v 2 and intensity ratio,I v 2 /I v 1 , for the
10 min hydrogenation is plotted as a function of the 1000
preannealing time in Fig. 4. Both the ratioI v 2 /I v 1 and ab-
solute intensityI v 2 decreased with an increase in the tim
i.e., with a decrease in in-grain defects. This implies that
generation of Si-H2 is associated with in-grain defects rath
than grain boundaries.
Although the reason of mobility degradation under t
Si-H2 rich condition cannot be understood at the pres





















by excessive hydrogenation. It was reported that imperf
tions such as interstitial Si and dislocation loops are gen
ated by the collision of penetrating hydrogen atoms with
atoms.7 These imperfections can play a role of both deg
dation of mobility and offering the site of Si-H2 bonding in
in-grain rich samples.
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